Abstract: Field studies with two types of alfalfa (Medicago sativa L.) cultivars were conducted at Lethbridge in 2012 and 2013 and at Picture Butte in 2012 to determine the effects of irrigation on the dry matter (DM) yield and on net returns. The irrigated cultivars (Longview and Blue J) and dryland cultivars (Rangelander and Rambler) were arranged on plots in a randomized complete block design with four irrigation treatments and replicated five times. For the optimal irrigation treatment (W 1 ), soil water content was maintained between 60 and 90% of available water in the designated root zone. Other irrigation treatments received 75% (W 2 ), 50% (W 3 ), and 25% (W 4 ) of the irrigation water applied to the optimal treatment. The mean DM yields of irrigated alfalfa cultivars were greater than one of the dryland cultivars in both locations. The mean total DM yields for W 2 and W 3 at Lethbridge for Blue J, Longview and Rambler were greater than those of W 1 , although the differences were not always significant. The net returns, calculated by using the same price for all alfalfa harvests were similar across the cultivars and irrigation treatments excepting Rangelander, where the returns were lower. The results obtained from this study indicated a trend towards comparable yields and net returns between the optimal and the 75% irrigation treatment with 40% depletion of available water at the root zone, for the irrigated alfalfa cultivars and a dryland type Rambler. 
Introduction
Alfalfa, known as the "Queen of forages" in western Canada, is grown extensively across the world due to its high feed value and wide adaptation to different ecoclimatic zones and soil types (Soroka and Otani 2011) . In Canada, alfalfa is considered the most important forage legume and it is cultivated on over 4.5 million hectares (Statistics Canada 2002) . Alfalfa is a high water-use crop (Stanberry 1955; Schneekloth and Andales 2009) . Several regional studies have documented the effect of different irrigation treatments on the consumptive water use and yield by region (Daigger et al. 1970; Bauder et al. 1978; Retta and Hanks 1980; Sammis 1981; Guitjens 1982; Carter and Sheaffer, 1983; Undersander 1987; Smeal et al. 1991) . Lindenmayer et al. (2011) reported an annual biomass yield of 16.6, 11.1, and 6.0 Mg ha −1 under full irrigation, deficit irrigation treatments and dryland conditions, respectively. In northern Colorado, a total season yield of 18.3, 13.7, 13.3, and 8.8 Mg ha −1 were obtained respectively for full irrigation, no irrigation after 2nd cut, spring and fall irrigation and no irrigation after 1st cut treatments (Lindenmayer et al. 2008 ). Saeed and El-Nadi (1997) reported maximum yields of 15.3, 12.9, and 11.2 Mg ha −1 for frequent, less frequent, and infrequent irrigation treatments in Sudan. In a study conducted by Ismail and Almarshadi (2013) in Saudi Arabia the highest fresh yield was obtained under field capacity (FC), followed by 85 and 70% FC, respectively. Campbell et al. (1960) observed an increase of 0.4 Mg ha −1 per year in an alfalfa trial with irrigation up to FC compared to non-irrigated treatments at Bozeman, Montana. Yield reduction due to over-irrigation (Stanberry 1955; Peterschmidt et al. 1979 ) and deficit irrigation (Lucey and Tesar 1965; Stewart and Hagan 1969; Saeed and El-Nadi 1997; Al-Naeem 2008; Ismail and Almarshadi, 2013) have also been reported.
In southern Alberta, alfalfa is considered as the most important forage legume grown under irrigation with approximately 907 000 tonnes produced annually (Dill et al. 2007 ). In Alberta's irrigation districts, alfalfa is grown on approximately 34% of the total area seeded to forage and approximately 11% of the total irrigated area (Alberta Agriculture and Rural Development 2014a) . Variable rainfall patterns in Alberta coupled with the increase in demand for water for irrigation, livestock production, industrial, and other domestic purposes pose a threat to alfalfa cultivation. These competing demands and the large volume of irrigated agricultural water extraction are approaching their critical limit in some locations (Corkal and Adkins 2007) . Hence, in 2006, the provincial government placed a moratorium on new water licence applications in the Bow River, Oldman River, and South Saskatchewan River Sub-Basin (Alberta Environment 2006; AMEC 2009) . It is therefore imperative to explore and adopt management strategies that can lead to the optimization of the limited water available for irrigation for forages such as alfalfa. There was the need to quantify the net returns from these management practices since these practices will affect the annual revenue generated from alfalfa production. An economic analysis on deficit irrigation conducted by Putnam et al. (2000) using yield and cost data from southern California indicated that full irrigation was the most profitable strategy when the alfalfa price was greater than $95 Mg −1 and water costs were low (about $49 ha-cm −1 ). The objective of this study was to determine the effect of different irrigation treatments on the yield of irrigated and dryland type alfalfa cultivars grown in southern Alberta and calculate net return from the different treatments.
Materials and Methods

Experimental locations and cultural practices
Two field experiments were conducted at two different locations in southern Alberta. The first experiment was located near Lethbridge at the Alberta Irrigation Technology Centre (AITC) of Alberta Agriculture and Rural Development (ARD), (Lat. 49°45' N and Long. 112°4 5' W, 900 m elevation) and the second near Picture Butte on a farmer's field (Lat. 49°55' N, Long. 112°48' W, 950 m elevation). Both sites were located on Orthic Dark Brown Chernozemic soil (Alberta Soil Information Center 2001). Alfalfa cultivars used in this study were grown on plots arranged in a randomized complete block design (RCBD), with four irrigation water treatments and five replications. The experimental site at Lethbridge ARD AITC and Picture Butte were divided into 40 individual plots. Each plot had a dimension of 6 m by 6 m with a sprinkler in each of the four corners. A buffer zone of 10 m was maintained between each plot to minimize the effect of irrigation water drift from adjacent sprinklers.
High-yielding alfalfa cultivars adapted for dryland (Rangelander, Heinrichs et al. 1958; and Rambler, Heinrichs et al. 1979 ) and irrigated (Blue J, Acharya et al. 1995; and Longview, Acharya and Huang 2000) conditions were seeded in 2010 on both experimental sites. The crops were seeded with a custom built 10 row small plot forage seeder at a rate of 10 kg ha −1 , with 0.2 m row spacing and at a depth of about 0.019 m. A neutron probe access tube was inserted in the middle of each plot to measure soil water content. The two varieties of each alfalfa cultivar in the plot (6 m by 6 m) were on each side of the neutron probe access tube.
A Hege 212 TM Forage Harvester was used to remove 1.55 m by 6 m strips from each plot on both sides of the access tube located at the center of all plots leaving stubble of about 12 cm above the ground. A total of three harvests (cuts) were taken from all experimental plots in both sites. Harvesting was done on 10 July, 28 August, and 16 October 2012 at the Picture Butte site. At Lethbridge, plots were harvested on 12 July, 29 August, and 17 October 2012, and 3 July, 22 August, and 15 October 2013. In 2012, the first harvests for both locations were delayed by about 10 days because of inclement weather conditions. Normally we harvest in this area around the 3rd week of June when the crop is at about 5% bloom. This delay in first cut pushed the 2nd cut to the end of August. In this area the 3rd cut is normally taken immediately after the first frost (−5°C) or after the end of September to avoid winterkill. A subsample (500 g) from each plot was dried at 60°C for 48 hours to determine the dry matter content and this was used to calculate the total yield produced on a dry matter (DM) basis.
Irrigation treatments
The plots were irrigated using a solid set sprinkler irrigation system, with a riser above the soil surface at the four corners of each plot. Nelson R2000 ROTATORS ® sprinkler heads (plate, K4 6°and radius 6.1-7.6 m) with 30 PSI pressure regulators at each head were used at both sites. The main lines at the Lethbridge site were connected to a lateral line through flex hose. The irrigation water at the Picture Butte site was delivered to each plot via a system of underground pipes, which were installed several years prior to this study.
Rain gauge experiments were conducted to measure the spatial uniformity and the irrigation application rate within individual plots at the two experimental sites. Twenty five collection cans were placed in an equallyspaced grid (5 by 5 m, with 1 m spacings) within the plots and irrigation water was collected and measured after a given period of time (minimum 2 h). Measurements were taken on four different plots at each experimental site. Similar irrigation application rates were used at both sites, with overall averages being 8.9 and 8.4 mm hr for Lethbridge and Picture Butte, respectively. The Christiansen coefficient of uniformity was determined by equation (1) (Kara et al. 2008) .
Where: CU = Christiansen Coefficient of Uniformity z = The amount of water measured in each container while testing uniformity (mL) |z − m| = The total absolute value of deviation from average of the amount of water measured in all accumulation containers (mL) m = ( P z)/n = Average amount of water (mL) collected from all containers.
The CU computed for both the Lethbridge and Picture Butte location were 91 and 88%, respectively. The slightly lower values at Picture Butte may be attributed to the system being older and having more wear (hours) than at Lethbridge or may be due to different weather conditions (wind, temperature, humidity) on the dates and location of the uniformity test at each of the sites.
The plots were subjected to four irrigation treatments. For the optimal irrigation treatment (W 1 ), soil water content was maintained between 60 and 90% of available water in the top 75 cm root zone. Other irrigation treatments received 75% (W 2 ), 50% (W 3 ), and 25% (W 4 ) of the volume of water applied to the optimal treatment. The 60 and 90% available water was established from the field capacity (FC) and the wilting point (WP); which were estimated using neutron probe readings from previous studies at the research sites. These values were then refined empirically by measures of soil water content after heavy spring rains (FC) and at the end of the season, after dry-down (WP). In 2013 the root zone for irrigation management at Lethbridge was changed to 100 cm due to alfalfa root extension. The project was terminated at the Picture Butte site in the second year due to manpower limitations.
Soil moisture monitoring
To schedule irrigation, soil moisture readings were taken two times per week (Mondays and Thursdays) using a neutron probe (a Boart Long Year, CNP ® 503DR
Hydro probe) at 25 cm increments, to a 100 cm depth of root zone, from a 2 m aluminium tube installed close to the center of each plot. The actual probe depths at measurement were; 14.5, 37.5, 62.5 and 87.5 cm. A slightly deeper depth than half way for the 0-25 cm was used to account for the neutron probe not being as accurate for measurements at shallow depths (<30 cm) due to loss of neutrons from the soil surface (Evett et al. 2003) . Exposure to the radioactive element in the probe was reduced for the individual taking the moisture readings by reading only the trigger plots (treatment W 1 ) on Thursdays.
Precipitation and crop water use (ET)
Daily precipitation values were obtained from a weather station located near the Lethbridge site, Iron Spring climate station near Picture Butte and from the irrigation management climate information network (IMCIN) website (Alberta Agriculture and Rural Development 2014b). ET was computed using a water balance model equation:
ET = Total water use ΔS w = Soil water used (mm); calculated as soil water at planting (first probe reading) -Soil water at harvest (use full root zone) P = Precipitation I = Irrigation R on = Run on (assumed to be zero) R off = Runoff (assumed to be zero) D = Drainage; was calculated as D = (PZMC 2 -PZMC 1 ) PZMC 1 = Percolation zone (75-100 cm) moisture content expressed in mm at the start of the time period (1) as measured with neutron probe.
PZMC 2 = Percolation zone (75-100 cm) moisture content expressed in mm at the end of the time period (2) as measured with neutron probe.
If PZMC 2 < PZMC 1, (PZMC 2 -PZMC 1 ) was set to zero. The formula for the drainage calculation is similar to that was used by Dill et al. (2007) .
Statistical analyses
The PROC MIXED procedure of SAS was used to perform the mixed model repeated measure statistical analysis for all data collected (SAS Institute Inc. 2011) with cut as the repeated factor. The cultivar, irrigation treatment, and cut were modeled as fixed effects while the replication and its interactions with the fixed effects were random effects. The output measures analyzed included biomass yield. The LSD test (P < 0.05) was used for mean separation.
The net returns were computed for each plot and then analyzed by analysis of variance, by site-year. The main effects of cultivar and irrigation treatment were the fixed effects in the model, while replication and its interactions with the fixed effects were random effects. Means and statistical differences were computed for the significant effects. The data were analyzed using PROC MIXED (SAS Institute Inc. 2011) with cultivar and irrigation treatment as fixed effects, while replications and its interaction with the fixed effects were set as random effects.
Net return analyses
The net returns from alfalfa production were determined for the three site-years. The net returns were the revenue from alfalfa production (yield × price) less the cost of harvesting the alfalfa (cutting, raking, baling, and hauling from the field). Yield was based on the forage at 12% moisture. Yields of less than 1.0 Mg ha −1 were not included because harvesting costs were at least as high as the value of the forage. The price of alfalfa used in the analysis was CDN $180 Mg −1 , based on 2013 to 2015 prices for alfalfa hay of dairy quality (Note: all values are in CDN$ henceforth). The same hay price was used for all cuts because quality (neutral detergent fiber, acid detergent fiber, crude protein, and relative feed value) differences were small (data not shown). Costs did not include the cost of establishing or removing the alfalfa because the stand was in for fewer years than a commercial grower would have an alfalfa stand. Establishment costs are about $400 ha −1 in this area and could be allocated over the life of the stand. Irrigation costs consisted of the volume related cost of $0.316 (ha-mm) −1 , plus a fixed cost for the irrigation equipment that was the same for all water treatments. Irrigation costs external to the alfalfa production were not included, such as instream flows or the water might be used instead on high value crops. Production costs included in the analysis were the cost of mowing ($25.15 
Results and Discussion
Forage dry matter (DM) yield in three environments
The ANOVA for DM yield indicated highly significant (P < 0.01) effects of cultivar, water treatment, cut, and interactions among them for all three environmental conditions (Lethbridge 2012 and 2013 and Picture Butte in 2012) with a few exceptions ( Table 1) . The three way interactions of cultivar × water × cut were highly significant (P < 0.001) in all three environments. The discussion elaborated on the three-way interactions was because the two-way interactions and main effects are within the three-way.
Mean DM yields for cultivar × water treatment × cut for the three environments were presented in Tables 2  and 3 . The total forage DM yield recorded at Lethbridge for all the cultivar types in relation to the irrigation treatments ranged between 7.26 and 12.38 Mg ha −1 in 2012 and (Table 3 ) whereas the DM yields for Picture Butte in that year were lower and ranged between 3.98 and 10.16 Mg ha −1 (Table 2) . Total DM alfalfa yields ranging from 8.4 to 15.6 Mg ha −1 were reported for southern Alberta by Dill et al. (2007) (Retta and Hanks 1980) and in New Mexico 3.0 to 15.1 Mg ha −1 (Smeal et al. 1991 ). The regional yields indicated that alfalfa yield can be influenced by factors other than irrigation treatments. Since the cultivars and the irrigation treatments were the same at the two sites reported, the observed yield differences could be due to the differences in soil texture and structure and also a greater inherent productivity of the soil at Lethbridge compared to Picture Butte. The soil texture and structure typically determines the soil water holding capacity, fertility and nutrient availability, aeration and drainage, thus crop productivity. Orloff (2007) indicated that the restrictive subsurface layers such as hardpans and clay pans can serve as a barrier which restricts root penetration, reduces rate of water infiltration and diminishes aeration within the soil thereby reducing alfalfa yield. This may partially explain the yield difference observed between the two locations in this study. Although soil physical and chemical properties were not determined in this study, the Picture Butte site was used for alfalfa irrigation experiments for about 10 years before the present experiment was established with irrigation pipes permanently embedded in the soil. Harvest equipment use over the years may have caused sub-surface soil compaction making the soil physical structure different from that of Lethbridge site which was cultivated often due to annual crop rotation during that period.
The mean DM yields for Cut 1 and Cut 2 were greater than that of Cut 3 in both years and locations (Tables 2  and 3 ). The greater DM yields for Cut 1 and 2 in both years and locations could be attributed in part to the relatively high temperatures (Table 4) , longer day lengths and associated evapo-transpiration (ET) during spring and early summer harvests compared to fall (Orloff et al. 2005) . Shortened day length and temperature decline during late summer and early fall results in greater Note: Means within a row followed by the same uppercase letter; and means within each cut and irrigation treatment followed by the same lowercase letter are not significantly different (P < 0.05). -, no harvesting due to slow regrowth.
† Means calculated from five replications. Note: Means within a row followed by the same uppercase letter, and within each cut and irrigation treatment followed by the same lowercase letter are not significantly different (P < 0.05).
† Means calculated from five replications.
amounts of photosynthate partitioning into root and crown reserves, which is used for growth in spring, resulting in a lower above ground biomass yield in early fall (Hanson et al. 1988 ). Lindenmayer et al. (2011) observed a positive linear relationship between alfalfa biomass yields with increasing ET. The DM yield trend observed among cuts (Cut 1 > Cut 2 > Cut3) in this study are similar to that of Dill et al. (2007) who reported that alfalfa yield was highest for the first cut and lowest for the third cut, regardless of the irrigation treatment.
Comparison of yield among the cultivars and irrigation treatments
A comparison of total forage DM yield among cultivars in relation to irrigation treatments and cuts at Lethbridge in 2012 indicated that Longview had significantly (P < 0.05) greater yield than Blue J, Rambler and Rangelander for the optimal (W 1 ) and 50% irrigation treatment (W 3 ) ( Table 2 ). For the 75% irrigation treatment (W 2 ) the total DM yield for Blue J and Longview were similar but, were significantly (P < 0.05) greater than Rambler and Rangelander. For W 4 in 2012 Blue J had significantly lower total yield compared to the other cultivars. At the Picture Butte location in the same year, the total DM yield for Blue J was significantly (P < 0.05) greater than for Longview, Rambler and Rangelander for W 1 ( Table 2 ). The W 2 total yield of Rambler was not significantly different from Blue J but both were significantly (P < 0.05) greater than Longview and Rangelander. In general the two irrigated cultivars did not show consistently superior total yield performance in this environment for W 2 and W 3 . The total yields at this location for W 4 were similar for Blue J and Longview and they were significantly higher than Rambler and Rangelander.
In 2013 at Lethbridge, the total forage DM yield for Longview and Rambler were not significantly different but, they were both significantly (P < 0.05) greater than Blue J and Rangelander for W 1 and W 2 (Table 3 ). For W 3 and W 4 Rangelander had significantly lower total mean yield (P < 0.05) compared to the rest of the cultivars. The two irrigated cultivars (Blue J and Longview) had significantly different mean total DM yield for the W 4 treatment. In general the two irrigated alfalfas had relatively high yields compared to Rangelander a dryland type, although the differences among them in relation to the irrigation treatments were not always consistent across environments. Again, Rambler in 2013 at Lethbridge had yields that were comparable to those of the irrigated types across treatments. These results contrast with the findings of Retta and Hanks (1980) and Hattendorf et al. (1990) who conducted line-source irrigation studies to evaluate the water-use efficiency (WUE) of different alfalfa varieties in New Mexico and Washington, respectively, and observed no differences in biomass yield and water use for alfalfa varieties tested.
The observed difference in DM yield among the cultivars could be attributed to the difference in their root morphology (McIntosh and Miller 1981; Carter et al. 1982 ) and the rate of transpiration (Cole et al. 1970) . Creeping root type alfalfa (e.g. Rangelander and Rambler) typically tend to yield less than tap root types (e.g. Blue J and Longview) in wet areas and more in drier areas (Saskatchewan Forage Council 2007) . A relatively lower mean DM yield for dryland type alfalfa (Ranglander) was observed across cuts, especially for Cut 3 when compared to the other cultivars in both years and locations. Due to slow regrowth, of Rangelander (North Peace Applied Research Association 2006), W 4 did not have a Cut 3 at Lethbridge in 2012 (Table 2) . Heinrichs et al. (1979) also observed lower yield for Rangelander alfalfa compared to Beaver on irrigated land.
In 2012 at Lethbridge the total forage DM yield for W 2 was not significantly (P > 0.05) different from W 1 for Blue J and Longview but was greater than other irrigation treatments. At Picture Butte in 2012, the total forage DM yield for Blue J and Longview (W 1 ) was significantly (P < 0.05) greater than those of W 2 , W 3 , and W 4 (Table 2) . Again in 2013 at Lethbridge total forage DM yield for Blue J W 2 was not significantly different from W 1 and W 3 . The total DM yields for Blue J W 4 were higher than other treatments although the difference between W 4 and W 3 were not significant (P < 0.05). The total DM yield (Table 3 ). The observed results among the irrigation treatments did not corroborate the results of Kuslu et al. (2010) in Turkey. These researchers indicated that water stress treatments reduced dry matter yield compared to the field capacity (FC) treatment. Another study conducted by Ismail and Almarshadi (2013) in Egypt also showed that the highest fresh yield was obtained at field capacity, followed by 85% FC and 70% FC, respectively. The observed similarities in total DM yield between the W 1 and W 3 in relation to the irrigated alfalfa cultivars at Lethbridge in both years (especially in 2013) could be due to plant growth resulting from ground water use. In North Dakota, Benz et al. (1983) reported that water table makes a sizable contribution to the actual alfalfa evapotranspiration when irrigation level decreases. A study by Dardanelli and Collino (2002) in Argentina indicated that the depth of the water table also affected dry matter production and its annual variability. Although water table influence was generally absent within the 100 cm root zone depth at which neutron probe readings were taken in this study, high rainfall in the spring and summer of 2010 and in 2013 could have elevated the water table. It is possible that the rains and application of irrigation in other plots may have brought the water table close to the root zone. The deep rooting system of the irrigated alfalfa could have made it possible for it to access water from a deeper soil profile than the 100 cm monitored. Bauder et al. (2011) had argued that the deep root system of alfalfa allows it to extract water from the soil moisture reserves when irrigation is limited. One other explanation for lack of difference among irrigation treatments could be the way the forage yield trial data are used for cultivar registration in western Canada. To ensure wide adaptation for cultivars, data from a large number of location years are used, of which the vast majority are under rain-fed conditions. This wide scale testing results in a choice of cultivar may have been another reason for lack of clear cut difference between the dryland and irrigated types of alfalfa.
Generally, the total mean DM yields for Blue J, Longview and Rambler W 2 and W 3 at Lethbridge in both years were higher than W 1 , although the differences in some instances were not significant. The difference in total irrigation water applied to W 1 in 2012 at Lethbridge was 147 and 284 mm greater than those of W 2 and W 3, respectively (Table 5 ). In 2013 W 1 received 179 and 360 mm more irrigation water than W 2 and W 3 respectively, but the yields recorded for the W 2 and W 3 were comparable and in some instances greater than that of W 1 . The total DM yield for Blue J and Longview W 1 at Picture Butte in 2012 was significantly (P < 0.05) greater than all other treatments including W 2 . Although W 1 received 165 mm more irrigation than W 2 , the yield reduction between W 1 and W 2 for these cultivars was not large ( ∼24%) ( Table 5) .
Crop water use (ET) among the cultivars and irrigation treatments
The cultivar × water × cut interaction for crop water use (ET) was significant (P < 0.05) at Lethbridge in 2012, whereas in 2013 at Lethbridge and 2012 at Picture Butte respectively only cultivar × cut and water × cut interactions were significant (P < 0.05) ( Table 6 ). Hence only the Lethbridge 2012 data was used in trend analysis of ET among cultivar types and water treatments. The total ET computed from May to October ranged from 516 to 1036 mm at both locations and years. Dill et al. (2007) reported a total consumptive use of alfalfa (Blue J) between 352 and 862 mm in a five year study conducted at Picture Butte to determine the impact of different irrigation management practices on yield, quality and consumptive use of alfalfa. Krogman and Hobbs (1965) reported a total evapotranspiration of 680 mm in Vauxhall southern Alberta. Another study conducted by Wright (1988) to determine the daily and seasonal ET of well-irrigated alfalfa in an irrigated region of southern Idaho indicated a seasonal ET average of 1022 mm.
Other ET values reported in the literature across different countries and climatic conditions, range between 546 and 1516 mm (Daigger et al. 1970; Bauder et al. 1978; Retta and Hanks 1980; Sammis 1981; Undersander 1987; Smeal et al. 1991; Li and Zhang 2004; Hanson et al. 2008; Kuslu et al. 2010 ). There was no significant difference in total ET among cultivar types under W 1 ,W 2 , and W 4 in Lethbridge in 2012 except for W 3 where the total ET for the irrigated cultivars were significantly greater than the dryland types ( Table 7 ). The total ET among irrigation treatments generally followed W 1 > W 2 > W 3 > W 4 at both locations and years (Table 7) . This trend was expected because the W 1 treatment received adequate soil water supply during the growing season whereas the other treatments underwent water deficits. A similar trend was reported by Kuslu et al. (2010) under semiarid conditions.
Net Return from alfalfa production under irrigation
The ANOVA for net returns determined the interaction of cultivar and irrigation treatment (water) was significant at Picture Butte in 2012 and high enough at Lethbridge in 2012 to be considered (Table 8 ). The interaction was not significant at Lethbridge in 2013, but the two main effects were significant.
At Picture Butte in 2012, the net return was highest for Blue J with the optimal irrigation treatment (W 1 ), but was not significantly different from the 75% irrigation treatment (W 2 ) ( Table 9 ). A significant difference (P < 0.05) in DM yield was observed for Blue J W 1 and W 2 but, W 1 had higher irrigation costs. Restricting water for the hay-type alfalfas (Blue J and Longview) had more of an impact on net returns, than for the range-type alfalfas (Rambler and Rangelander).
The net return for Lethbridge in 2012 was similar across the cultivars and irrigation treatments. The low water rate (W 4 ) had an impact on net returns from Blue J and Longview. This was expected because the total forage DM yield mean values for Blue J and Longview W 2 and W 3 at Lethbridge in both years were higher than those of W 1 although the differences in some instances were not significant (except Lethbridge 2012 Blue J W 1 > W 2 ). There was not a consistent pattern of net returns across the alfalfa cultivars. Restricting water had less impact at this site because the growing season precipitation was generally high and spring soil moisture was high. The cultivar × water interaction for Lethbridge in 2013 was not significant, so the significant differences were reported for the main effects (Table 9 ). Rangelander had lower net returns than the other three cultivars. This was expected because a trend of relatively lesser DM yield mean values for Rangelander was observed across cuts when compared to the other cultivars in both years and locations. The net returns were similar across irrigation treatments, when Rangelander was not considered, but tended to be a bit lower for the full irrigation treatment.
Conclusion
Generally, the lower water treatments produced yields that were comparable to that obtained at the optimal treatment for all the cultivars in both years. Irrigation treatments W 2 and W 3 appeared to have produced yields which were comparable to that of W 1 although these treatments used less irrigation (i.e., on an average W 2 and W 3 received 163 mm and 322 mm less water respectively, compared to the total of amount of irrigation applied to W 1 . It is well known that alfalfa is a relatively high water user and produces yield in response to the amount of water available to it, so even the types that are known to do well under dryland conditions also in some cases indicated the same linear yield trend in relation to the amount of water available to it as was observed for irrigated types. Based on the fact that, on an annual basis, total yield and net return for at least one of the irrigated types outperformed the dryland types, producers will be better off using irrigated alfalfa if high biomass yield production is important. The findings of this study demonstrates the possibility of potential water savings under similar climate conditions to those occurring during this study, through a combination of a good on-farm irrigation management strategies and use of alfalfa cultivars developed for irrigated areas of southern Alberta.
These observations will be beneficial to producers in that less water could be used for production of the same amount of forage thereby reducing the cost of irrigation (both water and energy). Again, since Rambler in some instances had yields which were comparable to the irrigated types, further work needs to be done to confirm its suitability and performance under irrigated Table 9 . Mean net returns ($ ha −1 ) from alfalfa production under four water treatments at Lethbridge in 2012 and 2013.
conditions. Perhaps this could lead to breeding of alfalfa cultivars that are drought tolerant and at the same time can produce relatively higher yields when grown under deficit irrigation conditions.
